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N w systems for the regulation of g n expression 

Description 

The present invention concerns a method for selecting 
new P R or P L operator sequences from lambdoid phages 
which have a different thermostability compared to the 
wild-type sequence with regard to binding a repressor. 
In addition new mutated P R or P L operator sequences and 
their application for the temperature-regulated 
expression of genes and for the production of improved 
vaccines are disclosed. 

The initiation of transcription of the O r -O l region of 
the bacteriophage lambda and other lambdoid phages is 
negatively and positively regulated by a repressor which 
is the product of the cl gene (see review article 
Ptashne et al., Cell 19 (1980), 1-11). In the O r region 
three operator sequences (O r 1, 0 R 2 and O r 3) overlap the 
promoters P R and Pj^ which are orientated in different 
directions. P R controls the transcription of genes which 
are responsible for the lytic multiplication cycle of 
the phage whereas Pj^ is the promoter for the lambda cl 
gene which is responsible for maintaining the lysogenic 
state. The lambda repressor cl binds co-operatively to 
the operator sequences O r 1 and 0 R 2 with the result that 
P R is repressed and Pj^ is activated. 

In addition the bacteriophage lambda also contains a 
further operator region O l which also contains three 
operator sequences (O l 1, O l 2 and 0 L 3) . The expression of 
the lambda N gene can be repressed by the P L promoter by 
binding of the cl repressor to this 0 L operator region. 
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Promoters of the bacteriophage lambda in particular the 
P L and the P R promoter have been used for a long time in 
recombinant DNA technology for heterologous temperature- 
regulated gene expression in E.coli (cf . Hedgpeth et 
al., Molec. Gen. Genet . 183 (1978), 197-203 and Bernard et 
al., Gene 5 (1979), 59-76; Buell et al. , Nucleic Acids 
Res. 13 (1985), 1923 and Shatzman and Rosenberg, Methods 
Enzymol. 152 (1987), 661). A temperature-sensitive 
lambda repressor cI857 is used in these expression 
systems which represses the P L and P R transcription at 
low temperatures up to 3 0°C but allows a gene expression 
at higher temperatures. 

An advantage of this lambda expression system is that 
the gene expression can be induced in a simple manner by 
increasing the temperature and no addition of chemical 
inducers is necessary for this. However, a serious 
disadvantage is that the repression of gene expression 
only occurs up to relatively low temperatures of not 
more than 30 °C, which is a temperature at which only a 
slow bacterial growth occurs. Hence the object of the 
invention was to provide an improved system for lambda 
P L or P R gene expression which enables a repression at 
variable higher temperatures. 

This object is achieved by providing mutated P R or P L 
operator sequences from lambdoid phages which, compared 
to the wild-type operator sequence, have a different and 
in particular higher thermostability with regard to the 
binding of a temperature-sensitive repressor. The 
finding that lambda expression systems with an improved 
thermostability can be produced at all is extremely 
surprising since, apart from the temperature-sensitive 
lambda cI857 mutant, no other temperature-sensitive cl 
mutants are known but only those mutations in the cl 



repressor are known which make the molecule more 
resistant to thermal inactivation (Hecht et al., 
Proteins 1 (1986), 43-46 and Das and Mandal, 
Mol. Gen. Genet. 204 (1986), 540-542). It was even more 
surprising that mutations which lead to an improved 
thermostability are located in the operator DNA sequence 
and not in the DNA sequence coding for the repressor 
molecule. Thus for example a mutation of the lambda O r 2 
operator sequence is known from the literature which 
leads to a complete loss of repressor binding (Hawley et 
al., J.Biol. Chem. 260 (1985), 8618-8626). 

A method is provided for identifying suitable mutants 
which enables the selection of mutated 0 R or O l operator 
DNA sequences from lambdoid phages which have a 
different thermostability compared to the wild-type 
sequence with regard to binding a repressor in which the 
method is characterized in that (a) a DNA cassette is 
prepared which contains a selection gene under the 
operative control of an expression control sequence 
comprising at least one O r or 0 L operator sequence from 
a lambdoid phage and a promoter, (b) the operator DNA 
sequence is subjected to a mutagenesis and (c) the 
mutated operator DNA sequences are analysed. 

The lambdoid phages are preferably selected from the 
group comprising the phage lambda, phage 21, phage 22, 
phage 82, phage 424, phage 434, phage D326, phage DLP12, 
phage gamma, phage HK022, phage P4, phage Phi80, phage 
Phi81, coliphage 186 and recombinant variants thereof. 
The said phages are very similar with regard to the 
mechanism of repression of gene expression by means of a 
cl repressor (Johnson et al., Nature 294 (1982), 217- 
223) . Recombinant variants of the said phages e.g. 
lambda imm434 can be obtained by substitution of 
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individual genome fragments within the said phages (cf . 
for this Hendricks et al., Lambda 2 (1983), R.W. 
Hendricks, J.W. Roberts, F.W. Stahl and R.A. Weissberg 
(publisher) , Cold Spring Harbor Laboratory Press, New 
York) . The phage lambda or a recombinant variant thereof 
is preferably used as the lambdoid phage e.g. -lambda 
imm434. An operator DNA sequence from the operator 
regions O r (SEQ ID NO.l) or /and 0 L (SEQ ID NO. 3) of the 
phage lambda and in particular one of the operator 
sequences O r 1, O r 2 and O r 3 or O l 1, 0 L 2 and 0 L 3 contained 
therein is particularly preferably used for the 
mutagenesis. The operator sequence 0 R 2 is most 
preferred. 

The selection gene for the DNA cassette which is brought 
under the operative control of the expression control 
sequence containing the mutated operator sequence, 
preferably a lambda operator /promoter region, is 
preferably a suicide gene which when expressed leads to 
the death of the bacterial cell and thus serves as a 
selection marker for identifying suitable mutants. The 
suicide gene should be so strongly repressed at a 
temperature at which the lambda repressor binds to the 
mutated operator sequence that a bacterial cell 
containing the DNA cassette can grow. When the maximum 
temperature at which the repressor can still bind to the 
operator is exceeded, the suicide gene is expressed and 
the bacterial cell is destroyed. This enables a simple 
and direct selection of suitable mutated operator 
sequences.. A suitable suicide gene is the E lysis gene 
from the phage PhiX174 as well as homologues and 
derivatives derived therefrom (Hutchison and 
Sinsheimer, J.Mol.Biol. 18 (1966), 429-447; Witte et 
al., Multifunctional safety vector systems for DNA 
cloning, controlled expression of fusion genes and 
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simplified preparation of vector DNA and recombinant 
gene products, in BioTech Forum, Advances in Molecular 
Genetics 3, pp 219-239, publisher: Issinger, O.-G., 
Henke, J., Kampf, J.,'" Driesel, A* J. , Hiithing Verlag 
1991, Heidelberg). Further examples of suitable lysis 
genes are GEF (Poulsen et al., Mol. Microbiol. 5 (1991), 
1627-1637) and Kil (Reisinger et al., Virology 193 
(1993), 1033-1036). On the other hand the selection gene 
can also be a reporter gene such as e.g. the 6-Gal gene . 

In order to produce mutants the operator DNA sequence is 
preferably subjected to a site-specific mutagenesis 
using one or several oligonucleotides for example 
according to the method of Kunkel (Proc.Natl. Acad. Sci . 
USA 82 (1985), 488-492) or they are obtained by 
selection in a mutator bacterial strain e.g. an E. coli 
mutD or mutL mutator strain such as E. coli ES1578 (Wu 
et al., Gene 87 (1990), 1-5). The mutated operator DNA 
sequences are preferably selected by determining the 
ability to bind to a temperature-sensitive cl repressor 
in particular to the temperature-sensitive cI857 
repressor. For this the DNA cassette which is preferably 
located on a vector is transformed into a bacterial cell 
which contains a gene coding for a temperature-sensitive 
cl repressor. This gene may also be present on a vector 
(Remaut et al. , Gene 15 (1981), 81-93). On the other 
hand it is possible to use a bacterial cell which 
contains such a repressor gene in its chromosome e.g. 
E. coli M5219 (cf. e.g. Shimatake and Rosenberg, Nature 
292 (1981) , 128) . 

Mutants which are resistant to lysis at different 
temperatures can be identified in a simple manner by 
culturing the bacterial cells transformed with a lysis 
cassette which contain the mutated operator DNA 
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sequences. Up to now it has been possible to identify 
several mutants which are resistant to a lysis at 
temperatures up to 33°C, 35°C, 37°C and 39°C. These 
bacteria contain mutated operator DNA sequences which 
allow binding of the repressor up to the respective 
temperature. A particularly preferred example is a mutant 
to which the cI857 repressor binds up to a temperature of 
about 37 °C. Compared to the wild-type the mutation is a 
single base substitution in the O r 2 section of the lambda 
0 R operator region. The sequence of this mutated lambda 
O r operator is shown in SEQ ID NO. 2. 

An additional subject matter of the invention are 
mutated O r or O l operator sequences from lambdoid phages 
which have a different thermostability compared to the 
wild-type sequence with regard to binding of a repressor 
and which are obtainable by the selection methods 
described above. The mutated 0 R or 0 L operator sequences 
preferably have an increased thermostability with regard 
to the binding of a temperature-sensitive repressor and 
in particular of the temperature-sensitive cl repressor. 
The mutated operator sequences particularly preferably 
have a thermostability that is increased by about 3 to 
10 °C, in particular by about 7 to 9°C compared to the 
wild-type sequence . 

Since the selection method according to the invention is 
preferably carried out on 0 R or O l operator sequences 
which are derived from the phage lambda, the present 
invention in particular concerns mutated lambda 0 R or O l 
operator sequences which are variants of the O r operator 
sequences shown in SEQ ID NO.l or variants of the O l 
operator sequences shown in SEQ ID NO. 3. Variant in this 
connection is understood as an operator sequence which 
differs from the wild-type sequence in at least one 
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sequence position by insertion, deletion or substitution 
of bases. The differences are particularly preferably in 
the region of the sections O r 1, 0 R 2 or O r 3 and 0 L 1, O l 2 
and O l 3 . A specific example of a mutated lambda operator 
sequence according to the invention is the lambda 0 R 
operator sequence shown in SEQ ID NO. 2. 

The mutated operator sequences allow the production of 
new temperature-regulated systems for gene expression in 
which microorganisms and in particular bacteria can be 
cultured in a repressed state at variable temperatures 
and preferably at higher temperatures than have been 
previously possible in particular at 33 to 39°C. Hence a 
subject matter of the invention is the use of the 
mutated 0 R or 0 L operator sequences for the temperature- 
regulated expression of genes in bacteria and in 
particular in gram-negative bacteria such as E. coli. 
Combination of a wild-type 0 R or 0 L operator region and 
at least one operator region which contains a mutated 
operator sequence according to the invention or 
combination of several operator regions which contain 
mutated operator sequences according to the invention 
with different thermostabilities even enables a 
temperature -regulated sequential expression of genes. 

Vectors and bacterial strains in which the inventive 
mutated operator sequences can be used for the 
temperature-regulated expression of genes are familiar 
to a person skilled in the art. In this case the 
expression systems known from the prior art containing 
the lambda cI857 repressor in combination with a 
suitable promoter e.g. the lambda P L or lambda P R 
promoter can be used (cf. e.g. Sambrook et al., 
Molecular Cloning, A Laboratory Manual, 2nd Edition, 
1989, Cold Spring Harbor Laboratory Press, New York, 
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.. 17.11-17.12) . 

A further subject matter of the present invention is a 
nucleic acid comprising a bacterial expression control 
sequence i.e. a sequence containing a promoter and 
operator regions which contains a mutated O r or O l 
operator sequence according to the invention in 
operative linkage with a protein-coding sequence. The 
protein-coding sequence can for example be a sequence 
coding for a eukaryotic protein or polypeptide or a 
bacterial gene e.g. the E-lysis gene. 

An additional subject matter of the present invention is 
a vector which contains at least one copy of the 
bacterial expression control sequence in operative 
linkage with the protein-coding sequence. This vector 
can be any prokaryotic vector e.g. a chromosomal vector 
such as a bacteriophage or an extrachromosomal vector 
such as a plasmid. Suitable prokaryotic vectors are 
described for example by Sambrook et al., Supra, 
chapters 1-4. 

Yet a further subject matter of the present invention is 
a bacterial cell which is transformed with a nucleic 
acid according to the invention or with a vector 
according to the invention. In a preferred embodiment 
the cell is a gram-negative prokaryotic cell, 
particularly preferably an E. coli cell. The cell 
preferably contains the nucleic acid or the vector 
integrated into its chromosome and in addition contains 
a gene for a cl repressor from a lambdoid phage in 
particular the gene for the lambda cI857 repressor. 

A particularly preferred application of the mutated 
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operators according to the invention is in the field of 
vaccine production. So-called "bacterial ghosts" are 
known as vaccines from the prior art i.e. bacterial 
coats that can be prepared from gram-negative bacteria 
such as E. coli, Salmonella typhimurium, Klebsiella 
pneumoniae, Actinobacillus pleuropneumoniae etc. by 
means of protein-E-induced lysis. These ghosts whose 
cell surface properties and repertoire of surface 
antigens that can be recognized by the immune system are 
very similar to the active pathogen, produce a 
protective cellular or/and humoral immune response in 
various animal models. 

The process for preparing the ghosts is based on the 
stringent controlled expression of the E-lysis gene from 
PhiXlV ; whose expression product forms a tunnel through 
the bacterial cell wall coat and thus leads to a pouring 
out of the cell contents of the host cell. This lethal 
gene for the cells can be regulated by means of a lambda 
repressor e.g. the temperature-sensitive lambda 
repressor cI857 which, as described above, loses its 
function at temperatures above 3 0 °C. As a result, the 
bacterial cultures that have previously been used to 
produce bacterial ghosts have had to be cultured at low 
temperatures, preferably at 28 °C. 

Although this method leads to satisfactory results with 
regard to the immunogenicity of the ghosts that are 
produced, an improvement of the bacterial culture is 
urgently required since the repertoire of antigenic 
determinants on the bacterial surface can change 
depending on the external conditions. Since pathogenic 
bacteria which infect humans or animals usually colonize 
at an environmental temperature of 37 to 39 °C, this 
natural environmental temperature should also be 
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maintained during the production process for the ghosts. 

A process for producing bacterial ghosts which achieves 
this object is provided by using the mutated operator 
sequences according to the invention. These operator 
sequences allow growth of the bacteria up to a 
temperature range of preferably 35 to 39 °C and allow 
lysis when the temperature is increased from 37 to 42 °C. 
This changed lysis behaviour enables the pathogens^ to be 
cultured near to the body temperature of the vaccine 
candidate which is extremely important for the 
composition of the external membrane. Furthermore the 
new lysis cassette can also be used as a safety cassette 
in live vaccines since for example in humans the 
inoculated bacteria are killed when fever is induced 
(39°C) . 

Hence a subject matter of the invention is a vaccine 
composition which contains a live bacterial cell 
according to the invention as the active ingredient 
optionally together with pharmaceutically tolerated 
auxiliary substances, additives and carrier substances. 
The live bacterial cell contains a nucleic acid 
comprising a bacterial expression control sequence with 
a mutated operator sequence in operative linkage 
preferably with a lysis gene. Yet a further subject 
matter of the present invention is a vaccine composition 
which contains a bacterial ghost as an active ingredient 
optionally together with pharmaceutically tolerated 
auxiliary" substances, additives and carrier substances 
wherein the bacterial ghost is obtainable by culturing a 
bacterial cell according to the invention at 
temperatures of 35 - 39 °C and subsequently lysing the 
bacterial cell by increasing the temperature. Bacterial 
cells suitable as vaccines are in particular gram- 
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negative bacteria such as E. coli for example the 
strains STEC, EHEC, O78:K80, Salmonellae such as 
S. choleraesuis, S. enteritidis and S. typhimurium, 
Pasteurella multocida, Pasteurella haemolytica , 
Bordetella bronchiseptica, Klebsiella pneumoniae, 
Actinobacillus pleuropneumoniae, Haemophilus influenzae, 
Vibrio cholerae, Helicobacter pylori, Alcaligenes 
eutrophus, Campylobacter jejuni and Pseudomonas 
aeruginosa. 

The vaccine compositions modified according to the 
invention can be transferred orally, aerogenically or 
parenterally to the vaccine candidates. The route which 
the corresponding microorganisms naturally select for 
the infection and for the initial stages of establishing 
an infectious disease are preferably selected for the 
application of the vaccine. Since all surface properties 
are retained in the vaccines according to the invention, 
this application can result in a local induction of the 
immune response as also occurs in the natural infection 
process. 

As described above the use of mutated operator sequences 
according to the invention enables the development of 
vaccines that can be lysed in a controlled manner when a 
target temperature is exceeded. Furthermore it is, 
however, also possible to provide a cold-sensitive 
suicide cassette which on release into the environment 
kills gram-negative bacteria that are used as a live 
vaccine. Hence combination of two genetic regulation 
systems enables the bacteria to die as a result of the 
expression of a suicide gene when a target value for the 
environmental temperature is exceeded. This safety 
cassette ensures that the live vaccines are killed even 
if they are eliminated from the organisms. 
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Hence the invention concerns a nucleic acid comprising 
(a) a first bacterial expression control sequence which 
contains an O r or 0 L operator sequence from a lambdoid 
phage and to which a first temperature-sensitive cl 
repressor from lambdoid phages can bind in operative 
linkage with a sequence coding for a second repressor 
wherein the second repressor cannot bind to the first 
bacterial expression sequence and (b) a second bacterial 
expression control sequence to which the second 
repressor can bind which is in operative linkage with a 
suicide gene. 

The components (a) and (b) can be covalently linked 
together e.g. be present on a single vector or be 
separate from one another e.g. present on different 
vectors or be located separately or together on the 
chromosome of a recipient bacterium. 

Yet a further subject matter of the present invention is 
a bacterial cell which contains at least one copy of a 
nucleic acid as described above. In addition the 
bacterial cell advantageously contains a gene for the 
first repressor. The first repressor is preferably the 
temperature-sensitive cI857 repressor. 

The safety cassette according to the invention 
preferably contains a gene which codes for a 
temperature-sensitive cl repressor e.g. the repressor 
CI857 and a gene which codes for a second repressor 
wherein this gene is under the control of a lambda 
promoter/ operator region to which the temperature- 
sensitive repressor binds. The second repressor in turn 
controls the expression of another gene e.g. a suicide 
gene such as the E-lysis gene. The temperature-sensitive 
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lambda repressor is inactive at 37 °C so that the second 
repressor is expressed which in turn represses the 
expression of the suicide gene. 

When the temperature is reduced the temperature- 
sensitive lambda repressor binds to the operator so that 
the expression of the second repressor is blocked which 
leads to an expression of the suicide gene. A first 
expression control sequence is preferred for this safety 
cassette which contains the mutated lambda operator 
since this enables an improved and more rapid activation 
of the suicide gene. 

The second repressor can be any repressor e.g. a lac 
repressor. However, it is preferable to use an 
additional repressor from lambdoid phages e.g. cl from 
the phage 434 which is not temperature-sensitive and 
binds to its own- operator sequence but does not bind to 
the sequence recognized by the lambda repressor cI857. 

It is particularly preferable for the development of 
live vaccines to incorporate a heat as well as a cold 
regulation element. This incorporation is preferably 
achieved by homologous recombination into the chromosome 
of the vaccine bacterium. 

Thus the present invention also concerns a bacterial 
cell which, in addition to the two components (a) and 
(b) , contains a third bacterial expression control 
sequence as component (c) which contains a mutated 
operator sequence according to the invention in 
operative linkage with a suicide gene. 
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These bacterial cells can also be used in vaccine 
compositions and especially for live vaccines. In this 
manner it is possible to produce heat or/and cold- 
sensitive safe live vaccines which lead to death of the 
vaccine bacteria when the body temperature of the 
vaccine candidate is increased e.g. by fever or /and when 
they are excreted into the environment. 

It is intended to additionally elucidate the invention 
by the following figures, sequence protocols and 
examples . 



Fig. la shows a schematic representation of a lysis . 

cassette of the prior art comprising a lambda 
O r wild-type region, the lambda CI857 gene under 
the control of the promoter P^ and the E lysis 
gene under the control of the promoter P R ; 

Fig. lb shows a schematic representation of a lysis 
cassette according to the invention which 
contains a mutated lambda O r sequence; 

Fig. 2a shows a schematic representation of a cold- 
sensitive safety cassette comprising a wild-type 
(pCSl) or mutated (pCSJl) O r operator sequence, 
the lambda-cI857 gene under the control of the 
promoter P^/ the gene of the lacl repressor 
under the control of P R and the E-lysis 
gene under the control of the lac promoter/ 
operator system at a temperature at which the 
temperature-sensitive lambda repressor cI857 
does not bind to the lambda 0 R sequence; 

Fig. 2b shows a schematic representation of the safety 
cassette according to Fig. 2a at a temperature 
at which the lambda repressor CI857 binds to 
the lambda O r operator; 
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Fig. 3 shows the lysis curve of bacterial cells 

(optical density versus time) which contain a 
plasmid with the lysis cassette shown in Fig. lb; 

Fig. 4 shows the lysis curve of a bacterial cell which 
contains a cold-sensitive safety cassette with 
the wild-type O r operator and 

Fig. 5 shows a comparison of lysis curves of bacterial 

cells which contain a cold-sensitive safety lysis 
cassette with the wild-type O r operator (pSCl) or 
the mutated operator (pCSJl) ; 

Fig. 6a shows a schematic representation of a cold- 
sensitive safety cassette comprising a wild-type 
(pCS2) or mutated (pCSJ2) O r operator sequence, 
the lambda cI857 gene under the control of the 
promoter P^, the gene of the phage 4 34 cl 
repressor under the control of lambda P R and the 
E lysis gene under the control of the 43 4 O r 
(P^-Pj^) promoter/ operator system at a 
temperature at which the temperature-sensitive 
lambda repressor cI857 does not bind to the 
lambda O r sequence, 

Fig. 6b shows a schematic representation of the safety 

cassette according to Fig. 6a at a temperature at 
which the lambda repressor CI857 binds to the 
lambda O r operator; 

SEQ~ ID NO.l shows the nucleotide sequence of the lambda 
O r operator; the operator sequence 0 R 3 
extends from position 11 - 27; the operator 
sequence 0 R 2 extends from position 34 - 41; 
the operator sequence O r 1 extends from 
position 58-74; 

SEQ ID NO. 2 shows the nucleotide sequence of a mutated 
lambda 0 R operator which, compared to the 
wild-type sequence, has a substitution of 
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T — > C at position 42; 

SEQ ID NO. 3 shows the nucleotide sequence of the lambda 
0 L operator; the operator sequence O l 3 
extends from position 11 - 27; the operator 
sequence O l 2 extends from position 31 - 47; 
the operator sequence 0 L l extends from 
position 55 - 70: 

SEQ ID NO. 4 to 6 

show a 1601 bp long DNA fragment of the 
plasmid pAW12 ; bp 1 - 983 are derived from 
the bacteriophage lambda (position 37125 - 
38107; cf. Sanger et al . , J.Mol.Biol. 162 
(1982) , 729-773) and contain the lambda 
CI857 gene (position 816-106; SEQ ID NO. 5) 
as well as the mutated O r operator region 
(mutation at position 858 T — > C) ; bp 1023 - 
16 01 are derived from the phage PhiX174 
(position 447 - 1026; cf. Sanger et al., 
J.Mol.Biol. 125 (1978), 225-246) and contain 
the E-lysis gene (position 1144 - 1416; 
SEQ ID NO. 6) ; 

SEQ ID NO. 7 to 10 

shows a 2834 bp long DNA fragment of the 
plasmid pCSJ; bp 1 - 983 are derived from 
the bacteriophage lambda (position 3 712 5 - 
38107) and contain the cI857 gene (position 
816 - 106; SEQ ID NO. 5) as well as the 
mutated lambda 0 R region (mutation at 
position 858 T — > C; bp 990 - 2230 are 
derived from the E. coli lac operon 
subcloned on the plasmid pMC7 (Calos, Nature 
274 (1978), 762-765) and contain the lad 
repressor gene (bp 1025 - 2104; SEQ ID NO. 9) 
and the lac promoter/operator; bp 2256 - 
2834 are derived from the bacteriophage 
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PhiX174 (position 447 - 1026) and contain 
the E-lysis gene (bp 2377 - 2649; 
SEQ ID NO. 10) . 

Examples 
Example l: 



1.1 Random mutagenesis of the lambda 0 R operator region 

The plasmid pAW12 (Witte and Lubitz, Eur . J. Biochem. 180 
(1989) , 393-398) was selected as the starting material 
which contains the lysis gene E from the bacteriophage 
PhiX174 under the control of the lambda P R promoter as 
well as the associated repressor gene cI857. The aim of 
this experiment was to change the lysis cassette so that 
the lysis gene E is not already activated at 3 0°C but at 
higher temperatures. For this the E. coli mutator strain 
ES1578 (Wu et al. , (1990), supra) was transformed with 
the lysis plasmid and a selection was carried out for 
clones with a changed temperature profile of cell lysis. 

For this the mutated clones produced by the 
transformation were detected after being stamped onto 
test plates containing lysis selective medium (LB 
containing 1 % SDS) and incubated at different 
temperatures (e.g. 33°C, 34°C, 35°C, 36°C, 37°C / 38°C, 
39°C, 40°C, 41°C) . The changed lysis profile of the 
lysis cassette in liquid culture was exactly determined 
by plasmid extraction and subsequent transformation into 
a non-mutator test strain. 

The type of mutation was determined by subcloning the 
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mutagenized lysis cassettes into a sequencing plasmid. 
In addition the lysis gene E was substituted by the 0- 
galactosidase gene for a functional check. It was then 
possible on the basis of a simple p-gal test to 
quantitatively measure the repressed or active state of 
the gene cassette. 

In this manner is was possible to obtain several clones 
with a different temperature lysis profile. These clones 
allowed growth of the bacteria in a temperature range of 

3 3-39°C and did not lead to lysis of the bacteria until 
the temperature was further increased to 37-42 °C. 

A mutation of the 0 R operator region (SEQ ID NO. 2) was 
identified by sequencing a mutated clone which had a 
thermostability up to 37°C. 

1.2 Verification of the mutation 

In order to verify the mutation obtained in example 1.1. 
a site-specific mutagenesis of the lambda O r wild-type 
sequence was carried out using an oligonucleotide. 

The mutagenesis was carried out according to the 
protocol of Kunkel (Proc. Natl. Acad. Sci. USA 82 (1985), 
488-492). 

4 ml overnight culture of the E. coli strain CJ236 
(dut~, ung~) was added to 50 ml LB medium (+ 10 /xg/ml 

chloramphenicol and 0.25 /xg/ml uridine) and shaken for 
30 min at 37 °C. Then 100 /zl M13 phages was added and it 
was incubated for 6 h at 37 °C. 
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The culture was centrifuged in 2 SS34 centrifuge tubes 
for 10 min at 14000 rpm and 4°C, the supernatant was 
decanted into new tubes and again centrifuged for 
further purification. 

The phages were precipitated for 1 h at 4°C by addition 
of 5 ml 5 x polyethylene glycol/NaCl. They were then 
centrifuged for 10 min at 14000 rpm and 4°C and the 
supernatant was discarded. 



The pellet was dried, suspended in 0.8 ml TES buffer 
(0.1 M Tris HC1, pH 8; 0.3 M NaCl; 1 mM EDTA) and 
incubated for 1 h at 4°C. The suspension was divided 
into 2 Eppendorf vessels and centrifuged for 5 min at 
5000 rpm. The supernatant in which the disrupted phages 
were located was removed and subjected to a 
phenol/chloroform extraction to isolate the DNA. The 
resulting DNA was precipitated with a 2.5-fold volume of 
96 % ethanol, washed with 70 % ethanol and taken up in 
60 jxl H 2 0. 

An oligonucleotide with the sequence 

5 • — GTA AAA TAG TCA ACA CGC GCG GTG TTA GAT ATT TAT c " 3 jJ^£^J^> Md 

was phosphorylated. For this 2 0 /xl H 2 0, 20 /xl 

oligonucleotide (20 ng) , 4.5 fxl kinase buffer 

(Stratagene) and 0.5 fxl polynucleotide kinase (5 U, 

Stratagene) was incubated for 1 h at 37 °C. Then 7 /il 

0.1 M EDTA was added and it was heated for 10 min to 

65°C. 

For the annealing 20 til phosphorylated oligonucleotide, 
3.5 ill single-stranded DNA template (1 /zg ssDNA produced 
as described above) and 1.4 /xl 2 0 x SSC buffer were 
heated for 5 min to 70°C, slowly cooled to 25°C and then 
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placed on ice. 

For the extension 10 /xl of the reaction mixture from the 
annealing mixture, 37.5 /xl XL buffer (27 mM Hepes pH 
7.8, 5 mM of each dNTP, 13 mM MgCl 2 , 2 . 7 mM 
dithiothreitol, 1.3 mM ATP, 1 /xl ligase (1 U, Boehringer 
Mannheim), 1.5 /xl T4 polymerase (1.5 U, Boehringer 
Mannheim), 1.5 /xl T4 gene32 protein (8 /xg, Boehringer 
Mannheim) were incubated for 10 min on ice, 10 min at 
room temperature and 2 h at 37 °C. After 1 h 1 /xl ligase 
and 1 /xl T4 DNA polymerase was added. After completion 
of the incubation the reaction was stopped by adding 3 
/xl 0.25 M EDTA. 

For the transformation 100 /xl competent E. coli cells 
JM103 (Messing et al., Nucleic Acids Res. 9 (1981), 309- 
3 21) was admixed with 10 /xl DNA from the extension 
mixture and incubated for 1 h or more on ice. After a 
heat shock for 2.5 min at 42 °C, 0.2 ml fresh JM103 cells 
was added in the logarithmic growth phase. The cells 
were mixed with 3 ml soft agar and inoculated on an LB 
agar plate. They were subsequently incubated overnight 
at 37°C. 

In order to identify the mutants, plaques were pricked 
out with a Pasteur pipette and used to inoculate 5 ml LB 
medium to which 4 00 /xl of an overnight culture of E. 
coli JM103 had been added. After 3 h growth at 37 °C, the 
cells were centrifuged. Double-stranded M13 plasmids 
were obtained from the cell pellet by means of plasmid 
preparation. Single-stranded M13 phages could be 
isolated from the supernatant. 
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Example 2 ; 

Analysis of the mutaqenized lysis cassettes 

Figures 1 and 2 shows different E-specific lysis 
cassettes with different temperature inductions of the 
lysis function. 

In Fig. la which contains the wild-type lambda O r 
operator sequence, the function of the E-lysis gene is 
repressed up to 3 0°C by the cI857-coded repressor 
protein on the preceding lambda P R promoter/ operator 
region. cI857-specif ic repressor molecules are thermally 
inactivated at temperatures above 3 0 °C and the 
expression of the E gene is induced. Fig. lb shows the 
plasmid pAWJ12 which contains a mutated operator 
sequence (SEQ ID NO. 2) so that the repression of the 
lysis function of the gene E by cI857 occurs up to 37 °C 
and the lysis function is not induced until 39 °C or 
higher temperatures are reached. 

The function of a cold-sensitive safety cassette is 
elucidated in Fig. 2. Fig. 2a shows that the formation 
of lacl-specif ic repressor molecules which in turn 
repress the expression of the E gene is induced in the 
plasmids pCSl (wild-type operator) and pCSJl (mutated 
operator) at a temperature of > 32 °C (pCSl) or > 3 9 °C 
(pCSJl) . At a temperature below 3 0°C (pCSl) or 37 °C 
(pCSJl) functional cI857 repressor molecules are formed 
which suppress the formation of lacl-specif ic repressor 
molecules and thus allow the expression of the E gene 
(Fig. 2b) . In the plasmid pCSJl the concomitant cell 
lysis occurs more rapidly than in pCSl. 
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Fig. 3 shows the lysis curve of a bacterial cell 
containing the plasmid pAWJ12 (mutated operator) . 3 
hours after beginning the culture, the temperature was 
maintained at 37 °C in an aliquot of the bacterial cells 
and increased in two other aliquots to 38 and 42 °C. At 
37 °C there was a further growth of the bacteria whereas 
a lysis already occurred at 38 °C. The lysis is 
considerably increased at 42 °C. 

Figures 4 and 5 show the function of a cold-sensitive 
safety cassette. In Fig. 4 bacterial cells which 
contained the plasmid pCSl (wild-type operator) were 
subjected to a temperature change from 37 to 28 °C. This 
reduction in temperature led to the E- lysis gene being 
switched off and cell death (decrease of the optical 
density) . 

Fig. 5 shows a comparison of the lysis rate of bacteria 
which contain the plasmid pCSl (wild-type operator) and 
the plasmid pCSJl (mutated operator) . It can be seen 
that the lysis occurs much more rapidly in the bacteria 
which contain the mutated operator. 

Fig. 6 shows a further cold-sensitive safety cassette. 
At temperatures at which the lambda cI857 repressor does 
not bind to the operator the plasmids pCS2 (wild-type 
operator) and pCSJ2 (mutated operator) form cI-434 
repressor molecules which repress the expression of the 
E gene (Fig. 6a) . Formation of cI-434-specif ic repressor 
molecules is prevented thus allowing expression of the E 
gene at a temperature at which the cI857 repressor binds 
to the lambda operator (Fig. 6b) . 
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Example 3 ; 

In vivo analysis of cold-sensitive lysis cassettes 

The killing of bacteria by lowering the temperature 
after passage through a mouse intestine and excretion 
into the faeces was determined. 

For this 10 10 E. coli bacteria were administered once to 
Balb/c mice and the excreted number of bacteria in the 
faeces was determined. The evaluation was carried out on 
E. coli-specif ic Endo plates (Endo, "Zentralbl. Bakt. I 
Orig." 35 (1904) 109-110) using tetracyclin as a marker 
for the plasmids used. The incubation was carried out at 
28°C. 

Results : 



In the experimental groups E. coli NM522 (pCS2) , E. coli 
MC4100 (pCSl) and E. coli MC4100 (pCSJl) there was a 
reduction in the germ count compared to an E. coli NM522 
(pAWJ-lac) control of at least 99.9 %, 98 % and 80 % 
measured 10 h and 2 0 h after administering the E. coli 
bacteria. 



